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Human erythrocyte (hRBC) shows a tightly controlled programmed cell death
with a live span of 120 days. But, as these cells lack nucleus and organelles
several question arises: Which are the molecular entities behind this biological
clock? How is this process controlled? A widely held hypothesis proposes
that hRBC membranes at microcirculation level are exposed to mechanical
shear, and somehow these periodical changes lead to the senescence process
of these cells. Using Patch Clamp we had characterized a mechano-activated
Kþ channel (HEMKCA), which shows a sigmoid dependence of Po on applied
pressure, a mean conductance of 17pS, and is Ca2þ modulated
(140mMKCl,10mMNaCl,1mMCaCl2,pH7.0)(1,2), We had proposed a new hy-
pothesis for the process of senescence, with this channel as the molecular entity
behind the biological clock. At the microcirculation level, by means of the O2/
CO2 interplay, these membranes are exposed to an oxidative stress. Here, we
present the effects of the oxidazing agent tert-Butyl hydroperoxide on the
HEMKCA activity. The Po of the channel is dramatically reduced by approx-
imately one order of magnitude, this effect being dependent on the concentra-
tion of the oxidizing agent (0mM to 25mM). However the burst mode activity,
normally at 17.43517.15 events/burst, gets diminished only by approximately
25%, similarly, the open dwell time presents only a fall of 40% under the same
conditions. Although there is an effect on the intraburst variables, the dramatic
effect on Po seems more likely to be related to the opening mechanism. Here
we present a partial kinetic model for this channel, and the oxidative stress is
presented as a downregulation mechanism for the senescence process of the
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The bacterial cyclic nucleotide gated (bCNG) channel family is a subfamily of
the mechanosensitive channel of small conductance (MscS) superfamily. Mem-
bers of the bCNG channel family have been shown to gate in response to cyclic
adenosine monophosephate alone, but are incapable of rescuing E. coli in os-
motic downshock assays. In the bCNG channel family, some bacterial genomes
encode for multiple bCNG homologues while others encode for a single homo-
logue. The presence of multiple bCNG homologues in a single bacterial genome
has lead us to hypothesize that these channels might exist as heteromultimers,
whichwould represent the first observation of heteromultimeric channels in pro-
karyotes. In a pull-down assay, bCNG homologues from a single bacterial ge-
nome, form heteromultimers, when heterologously expressed in E. coli.
Additionally, bCNG channels from different bacteria can form heteromultimers
when co-expressed with bCNG channels containing the same number of trans-
membrane domains. To determine if bCNG heteromultimers are formed in
vivo, RT-PCR was used to verify the co-translation of bCNG channels.
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Two-pore domain (K2P) potassium channels are important regulators of cel-
lular electrical excitability and are capable of integrating a wide range of sig-
nalling pathways. However, the structure of these channels and their gating
mechanism, in particular the role of the helix-bundle-crossing gate, are not
well understood. We recently reported that quaternary ammonium (QA)
ions bind with high-affinity to several different K2P channels and can be
used as a tool to probe their inner pore structure and to explore their gating
mechanisms itself. Our results identify a QA ion-binding site deep within
the pore of TREK-1 and suggest that the pore structure of this channelmost closely resembles the open-state structure of KvAP. We also used the
slow binding kinetics of large QA ions (e.g. tetrahexylammonium) to investi-
gate the pH- and pressure-gating mechanisms of TREK-1. Interestingly, these
studies suggested that the helix-bundle-crossing gate remains open even when
the channel is closed. We also found that mutations close to the selectivity
filter and the nature of the permeant ion (Kþ, Rbþ or Tlþ) both had a profound
influence upon intracellular pH-gating suggesting that the primary gating
mechanism in K2P channels resides close to or within the selectivity filter.
Here, we further investigate the status of the helix-bundle gate and structural
changes in the pore for several gating principles in K2P channels. To this end
we introduced cysteins in TM2 and TM4 of TREK-1 and probed the state de-
pendence of their chemical modification. Furthermore we will report about the
intimate coupling of gating and permeation in K2P channels by exploring the
effect of different ions and voltage protocols.
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Mechanosensitive channel MscS is a ubiquitous osmolyte release valve found
in walled cells, from bacteria to higher plants. In excised patches, applied ten-
sion of 5-8 mN/m activates E. coli MscS, followed by adaptive closure and
complete inactivation, both of which are strongly promoted by crowding agents
in the cytoplasm and by depolarizing voltages. Previous genetic screens1 and
models derived from the crystal structure suggest allosteric coupling between
the cytoplasmic ‘cage’ domain and the gate through association of the beta do-
main and the cytoplasmic end of the pore-lining TM3 helix. This association
imposes kinks on TM3 that lead to closing or inactivation. Our analysis shows
that mutations disrupting the TM3-beta association dramatically decrease clos-
ing rates, impede inactivation and make the channel insensitive to crowding
agents and voltage. Conversely, mutations predicted to strengthen the TM3-
beta interactions make the channel hard to open and inactivate silently under
ramp stimulation. Models with straightened TM3s and separated beta domains
representing the resting and open states are supported by an engineered salt
bridge, which was not observed in the crystal structure and strongly destabi-
lized the open state. Simulations suggest that in the resting state, with beta do-
mains separated from TM3, the cage is prolate in shape, protruding more into
the cytoplasm, whereas conversion to an oblate shape and approaching the
membrane favors TM3b-beta association. We conclude that the shape changes
make the cage an intracellular crowding sensor which functions through labile
kink-stabilizing TM3-beta interactions. The cage is the first example of a hollow
channel domain that can provide feedback on the degree of cytoplasm conden-
sation (crowding) that disengages the gate and prevents efflux of osmolytes.
1. Koprowski P, GrajkowskiW, Isacoff EY and Kubalski A. 2011. J Biol Chem.
286:877-88.
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Mechanosensitive channels are ubiquitous membrane proteins where gating is
induced by tension in the lipid bilayer. A high resolution structure of the closed
pore of the mechanosensitive channel of large conductance (MscL) is known
and the protein has been characterized in different functional states using
EPR [1] and FRET [2] spectroscopy. However, details of the open-channel
structure and the gating mechanism remain unknown.
We present an open pore model obtained from restrained simulations in which
inter-subunit distances [1,2] and solvent accessibility data [2] were incorpo-
rated into a coarse grained model of MscL. 2 ms simulations combining re-
straints and tension were carried out. The open-channel structures show
a pore diameter between 26A˚ and 32A˚ and TM1 and TM2 tilts of ~60 and
~46. These measurements are in good agreement with data from previously
reported open pore models. In contrast, there is little evidence of rotation of
the TM helices. In all simulations the N-terminal lies along the membrane sur-
face making it unlikely to serve as a second gate. The C-terminal does not dis-
sociate during gating but shows indication of upward motion that may stabilize
the open state. Results further suggest the open pore the opening is associated
with an outward motion of the periplasmic loop in combination with the forma-
tion of a kink in the periplasmic end of TM1 and tension-induced thinning of
the membrane is necessary for these structural changes to occur.
122a Sunday, February 26, 2012[1] Perozo E et al. (2002). Open channel structure of MscL and the gating
mechanism of mechanosensitive channels. Nature, 418, 942-948
[2] Corry B et al. (2010). An improved open-channel structure of MscL deter-
mined from FRET confocal microscopy and simulation. Journal of General
Physiology, 136, 483-494
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Mechanosensitive Channel of Large Conductance (MscL) allows bacteria to re-
spond to osmotic stress in the environment. It senses the increase in the lateral
pressure in themembrane due to sudden hypo-osmotic shock and acts as a safety
valve. MscL has one of the largest pores in nature; in its open state it allows the
passage of ions and small molecules upto 6.5 kDa. MscL has been used in this
study as an externally controlled valve i.e. the opening of the channel is con-
trolled by external stimuli.
Several techniques like patch clamp, EPR spectroscopy has been applied to-
wards elucidating the gating mechanism of MscL. EPR is effective in tracking
the initial conformational changes that the protein may undergo during gating.
The main challenge in using spectroscopy is that, unlike patch clamp technique,
tension cannot be applied directly for opening the channel. L-a-lysophosphati-
dylcholine, a reported activator of MscL was studied in this work to trigger
opening of the channel in a controlled way. In our work we provide evidence
that LPC mimics tension in opening the channel. Our findings also clearly
show that LPC can be used for phenotypic characterization of MscL mutants,
in a much simpler experiment than patch clamp. A clear differentiation in ac-
tivity between GOF, LOF and Wt Ec MscL is observed at 4 mM LPC. In con-
clusion, we characterized an activator with which the mechanism of channel
gating can be studied in a controlled way.
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Piezo1 channels gate with mechanical stress in the membrane and gating in-
volves both activation and inactivation. In HEK293 cells transfected with
Piezo1 and subjected to pressure stimuli, cell-attached patch recordings showed
that the inactivation rate slowed as extracellular divalent ions were reduced.
With >1mMMgþ2, activation had no measurable latency and the inactivation
rate was rapid but stress dependent, suggesting that Mgþ2 may act as an open
channel blocker (the effects of Caþ2 are in progress). Without divalents there
was no inactivation, but surprisingly, activation now had a pronounced latency
(~500 ms). Inactivation may actually represent adaptation of the local stimulus
by the cytoskeleton and not overt channel closure. To disrupt the cytoskeleton
we treated cells with cytochalasin D before patching and found inactivation was
unaffected suggesting cytoskeletal adaption was not the cause. Attempting the
inverse experiment, we increased cytoskeletal stress by swelling the cells os-
motically, but that too didn’t affect the inactivation rate.
For analogy close to the in situ situation, we evoked whole cell Piezo1 currents
by indenting cells with a glass probe. Like the patch, removing extracellular
divalent ions reversibly reduced the inactivation rate. However, in contrast to
patch recordings, Cytochalasin D caused a loss of whole cell current and cell
swelling increased the evoked currents. These results suggest that the forces
that gate Piezo1 in whole cell mode propagate through the cytoskeleton, and
that divalent ion block may be responsible for inactivation.
Supported by the NIH and CDMRP
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Mechanosensitive Ion channels are essential for maintaining cellular homeosta-
sis. It has been proposed that they function as osmotically activated emergency
valves, guarding against membrane rupture by opening pores to release exces-
sive turgor pressure. Interfering with their function suggests many novel mech-
anisms to complement conventional antimicrobials to kill or inhibit growth of
bacterial pathogens. Typical of this class of mechanosensitive channel are the
large conduction homopentameric bacterial channel, MscL (MW~17kDa) and
the small conduction homoheptameric bacterial channel, MscS (~37kDa).These respond respectively to large and small osmotic pressures, and elicit
ion conductances of ~3nS and ~1nS. Both MscL and MscS exhibit strong ho-
mology across all bacteria. In this study we report the use of a.c.impedance
spectroscopy of pure MscL and MscS channels in a family of tethered bilayer
membrane systems as a high-throughput technique that can be used to screen
for potential lead compounds for the development of novel antibacterial agents
that interfere with the function of MS channels. Using either a swept frequency
Bode profile or a single frequency impedance measure, plates of 96 electrodes
may be screened simultaneously. Typical conditions are a measurement of re-
sistance in the range of 1kto 100M in response to excitation over frequency in
the range of 0.1Hz to 1 kHz. The robustness of the tethered membrane permits
modulation of the MS channel conductance through an alteration in the mem-
brane thickness. This can be achieved through the application of large trans-
membrane potentials or the dilution of the membrane lipids with surfactants
possessing varying hydrophobic chain lengths.
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Mechanotransduction at the cellular/tissue level often involves release of signal-
ing molecules. Among them, purines appear to be the most primitive and wide-
spread chemical messengers in the animal and plant kingdoms. Their release is
highly mechano-sensitive, but the release pathways and regulatory mechanisms
are notwell understood. Here, we investigated the effect of unidirectional stretch
on ATP release from human lung A549 alveolar cells grown on a flexible sub-
strate. We used real-time luciferin-luciferase bioluminescence imaging com-
bined with IR imaging to simultaneously monitor cellular ATP release and
extend of cell stretch. Single 1-s stretch of 15-30% induced transient ATP re-
lease that ceased in 2-3 min and was restricted to a limited number of cells.
The number of responding cells increased dose-dependently with the extent of
stretch but did not involve cell damage. Calibration of the ATP response showed
that local ATP concentration in the close proximity (%150 mm) to stretch-
activated cells may exceed 1 mM or even 10 mM. These concentrations are suf-
ficient for autocrine/paracrine stimulation of cell surface purinergic receptors on
the neighboring cells. ATP responses were insensitive to putative ATP channel
blockers carbenoxolone or NPPB (100 mM), inhibitors of pannexin or anion
channels respectively, but were abolished by N-ethylmaleimide. Fluo8 fluores-
cence measurement of stretch-induced intracellular Ca2þ responses revealed
that limited number of cells displayed rapid responses, which peaked in <1-s
and ceased in 1-3min. This is similar to stretch-induced ATP responses and sug-
gests functional connection between the two signals. Experiments show that cell
stretch induces ATP release via cell-regulated process, likely exocytosis.
Mechano-sensitive ATP release, via autocrine/paracrine effects, initiates puri-
nergic signaling cascade in other cells andmay function as a general intercellular
mechanotransduction paradigm in the lung and other tissues.
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Mechanosensitive channels are activated by sensing membrane tension. MscL
is a homopentamer of a subunit with transmembrane inner (TM1) and outer
(TM2) helices and TM1s line the ion/water permeable pore. We have analyzed
the gating properties of MscL using patch-cramp experiments and simulations
such as all-atom (AA) molecular dynamics (MD). However, in AA MD simu-
lations, we need to apply about 10 times bigger membrane tension than exper-
imentally applied to open the pore. In this study, we performed coarse-grained
(CG) MD simulations to reproduce the opening process of MscL under appro-
priate conditions based on the experimental ones and to find the differences of
the conformational changes of transmembrane helices between wild type (WT)
and mutant models (F78N and G22N). We constructed CG MscL model based
on the equilibrated all-atom closed model. After constructing, MscL was em-
bedded in the lipid bilayer and water beads were added. Then we performed
CG MD simulations for the opening of MscL under 60 bar, about three times
bigger membrane tension for 1 ms. Upon membrane stretch, all types of
MscL could open its pore during the simulations. In order to analyze the cor-
relation of the conformational changes between TM1 and TM2 helices, we
